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ELECTRO-OPTICAL DEVICE AND
ELECTRONIC APPARATUS

BACKGROUND OF THE INVENTION

1. Technical Field

The present invention relates to an electro-optical device
which can display images on dual surfaces of an electro-
optical panel and an electronic apparatus using the electro-
optical device.

2. Related Art

Since a liquid crystal device as a representative example
ol an electro-optical device has a small thickness, a small
weight, and low power consumption, liquid crystal devices
have been widely used as display devices of electronic
apparatuses such as mobile phones, mobile computers, or
the like. A liguid crystal device, which displays images using
transmitted light, has a transmissive or transtlective liquid
crystal panel 10 and a backlight device 6D, as shown 1n FIG.
8. In the backlight device 6D, light emitted from a light
emitting diode (LED) 62 as a light source 1s emitted toward
the liquid crystal panel 10 while passing through a light
guide plate 61.

Further, 1n the backlight device 6D, an optical sheet 62D
such as a prism sheet or a retlection sheet may be arranged
at the rear surface of the light guide plate 61. The LED 62
constituting the light source 1n the backlight device 6D 1s
typically mounted on a substrate 40D by a solder 69, and the
substrate 40D 1s typically positioned such that a part adja-
cent to a region where the LED 62 1s mounted 1s laminated
on the optical sheet 62D at the rear surface of the light guide
plate 61.

Recently, in foldable mobile phones and the like, a main
liquad crystal display umit 1s provided at an mner surface of
a cover body and a sub liquid crystal display unit 1s provided
at an outer surface of a cover body, such that images can be
displayed 1n the folded state and 1n the open state. Therelore,
in the case of providing a foldable mobile phone with two
display units using the above-mentioned liquid crystal
devices, two liquid crystal panels 10 and two backlight
devices 6D must be mounted in the mobile phone. As a
result, 1t 1s diflicult to reduce the thickness and weight of the
mobile phone.

In addition, when the substrate 40D 1s positioned after
laminating all optical sheets 62D, the LED 62 goes down by
the total thickness of the optical sheets 62D. As a result, a
light emitting axis L of the LED 62 1s deviated downward
from the center 1n the thicknesswise direction t of the light
guide plate 61. Therefore, the light quantity distribution of
light emitted from the light guide plate 61 or the like cannot
be implemented as designed.

SUMMARY

An advantage of the invention is that it provides an
clectro-optical device which can perform dual surface dis-
play with a reduced number of parts and can properly
arrange a light emitting axis from a light source and a light
guide plate, and an electronic apparatus using the electro-
optical device.

The above advantage of the invention 1s achieved by an
clectro-optical device according to an aspect of the mmven-
tion, which includes: a backlight device that has a light
emitting element and a light guide plate 1n which light
emitted from the light emitting element 1s incident on a side
end surface thereof and 1s emitted from a first surface and a
second surface thereof, a first panel that 1s arranged opposite
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to the first surface of the light guide plate to modulate light
when light from the first surface passes therethrough, and a
second panel that 1s arranged opposite to the second surface
of the light guide plate to modulate light when light from the
second surface passes therethrough. In the electro-optical
device, one or more optical sheets are arranged between the
light guide plate and the second panel, an optical sheet of the
optical sheets 1s laminated on the second surface of the light
guide plate such that an end edge of the optical sheet i1s
positioned between the side end surface of the light guide
plate and an outer circumierential edge of an 1mage display
region of the first panel to form a space having a predeter-
mined width between the end edge of the optical sheet and
the side end surface of the light guide plate, and a light
emitting element mounting substrate on which the light
emitting element 1s mounted 1s configured such that a part
adjacent to a region on which the light emitting element 1s
mounted 1s laminated on the space of the light guide plate
and a light emitting axis of the light emitting element faces
the side end surface of the light guide plate.

It 1s preferable that the backlight device that 1s capable of
emitting light from dual surfaces of the light guide plate be
used, the first panel and the second panel be arranged at the
dual surfaces of the light guide plate, and 1images be dis-
played on the first panel and the second panel by using light
emitted from dual surfaces of the light guide plate. Accord-
ingly, it 1s possible to display images on dual surfaces of the
clectro-optical device by using one backlight. Therefore, 1t
1s possible to reduce a thickness, a weight, and a manufac-
turing cost in an electronic apparatus such as a foldable
mobile phone or a PDA, which can display images at dual
surfaces. Since the part adjacent to the region of the light
emitting element mounting substrate where the light emat-
ting element 1s mounted 1s laminated on the space on the
second surface of the light gmide plate where optical sheets
do not exist or where a small number of optical sheets are
laminated as compared to other regions, a position of the
light emitting element can be moved to the first surface 1n
the thicknesswise direction of the light guide plate. As a
result, i1t 1s possible to align the light emitting axis of the
light emitting element with the center 1n the thicknesswise
direction of the light guide plate. Therefore, the light quan-
tity distribution of light emitted from the light guide plate or
the like can be realized as designed.

Particularly, since light 1s emitted from dual surfaces of
the light guide plate, it 1s preferable that the light quality
balance of light emitted from dual surfaces of the light guide
plate be properly set by aligning the light emitting axis of the
light emitting element with the center 1n the thicknesswise
direction of the light guide plate.

It 1s preferable that the light emitting element be a light
emitting diode (LED).

Further, it 1s preferable that the light emitting element
mounting substrate be a flexible substrate having an end
portion of which 1s mounted on the first panel and which 1s
bent from the first panel to the second surface of the light
guide plate. According to this configuration, the light emat-
ting element mounting substrate can function as a substrate
which supplies signals or power to the first panel. Therefore,
since the light emitting element mounting substrate exclu-
sively used for mounting the light emitting element 1s not
required, the number of parts can be reduced.

It 1s preferable that the electro-optical device have a
substrate fixing member that 1s mounted on the first panel
and the light guide plate such that the first panel and the light
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guide plate be elastically cramped in the thicknesswise
direction, and the substrate fixing member elastically press
and fix the light emitting element mounting substrate on the
space at the second surface side. According to this configu-
ration, the light emitting element mounting substrate can be
casily fixed to the light guide plate. As a result, the light
emitting element can be easily positioned.

It 1s preferable that the optical sheets include a second-
panel-side prism sheet between the light guide plate and the
second panel which transmits some of light components
emitted from the second surface of the light guide plate
toward the second panel and which reflects the remaining,
light components toward the light guide plate. The optical
sheets may include a light scattering sheet between the light
guide plate and the second panel which provides a scattering
characteristic to light emitted from the second panel.

It 1s preferable that a second-panel-side light shielding
sheet which opens along an outer edge of an 1mage display
region of the second panel be laminated as an optical sheet
between the optical sheet and the second panel, and an end
edge of the second-panel-side light shielding sheet reach the
side end surface of the light guide plate. According to this
configuration, light can be reliably prevented from leaking.

It 1s preferable that the space have a width of 1.5 mm or
more Irom the side end surface of the light guide plate.
According to this configuration, since the light emitting
clement mounting substrate can be fixed to the light guide
plate with the suflicient area, the light emitting element
mounting substrate can be reliably positioned. As a result, 1t
1s possible to 1mprove positioning accuracy oi the light
emitting axis of the light emitting element.

The electro-optical devices according to the aspect of the
invention are used to constitute the display devices of the
clectronic apparatuses contaiming mobile phones, mobile
computers, or the like. In addition, the electro-optical
devices according to the invention are suitable for electronic
apparatuses such as foldable mobile phones, which are used
in the open state and the folded state.

BRIEF DESCRIPTION OF THE DRAWINGS

The mvention will be described with reference to the
accompanying drawings, wherein like numbers reference
like elements, and wherein:

FIG. 1 1s an exploded perspective view showing a con-
figuration of an electro-optical device according to a {fist
embodiment of the invention;

FIG. 2 1s a block diagram showing an electrical configu-
ration of an electro-optical device to which the invention 1s
applied;

FIG. 3 15 a cross-sectional view showing the configuration
of the electro-optical device shown 1n FIG. 1;

FIG. 4 1s an expanded cross-sectional view showing a
light-source-side end portion of the electro-optical device
shown 1n FIG. 1;

FIG. 5 1s an expanded cross-sectional view showing a
light-source-side end portion of an electro-optical device
according to a second embodiment of the invention;

FIG. 6 1s an expanded cross-sectional view showing a
light-source-side end portion of an electro-optical device
according to a third embodiment of the invention;

FIG. 7A 15 a diagram 1llustrating a state 1n which a mobile
phone as an example of an electronic apparatus to which the
invention 1s applied 1s folded;

FIG. 7B 1s a diagram illustrating a state in which the
mobile phone as the example of the electronic apparatus to
which the invention 1s applied i1s opened; and
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FIG. 8 1s an expanded cross-sectional view showing a
light-source-side end portion of an electro-optical device
according to a related art.

DESCRIPTION OF TH

L1l

EMBODIMENTS

Hereinatter, preferred embodiments according to the
invention will be described with reference to the drawings.

First Embodiment

Entire Configuration of Electro-Optical Device

FIG. 1 1s an exploded perspective view showing a con-
figuration of an electro-optical device according to a first
embodiment of the invention. FIG. 2 1s a block diagram
showing an electrical configuration of an electro-optical
device to which the invention 1s applied. FIG. 3 1s a
cross-sectional view showing the configuration of the elec-
tro-optical device according to the first embodiment of the
invention and FIG. 4 1s an expanded cross-sectional view
showing a light-source-side end portion of the electro-
optical device according to the first embodiment of the
invention.

As shown 1 FIG. 1, the electro-optical device 1 of the
present embodiment includes a backlight device 6 that has a
plurality of LEDs 62 (light emitting elements) as light
sources and a light guide plate 61 1n which light from the
LEDs 62 1s incident on a side end surface 610 thereof and
1s emitted from a first surtace 611 and a second surface 612,
a first panel 10A that 1s arranged opposite to the first surface
611 of the light guide plate 61, and a second panel 10B that
1s arranged opposite to the second surface 611 of the light
guide plate 61.

The first panel 10A and the second panel 10B are active-
matrix-type transmissive or transtlective color liquid crystal
panels, for example. On dual surfaces of the first panel 10A,
a polarizing plate 101A and a polanzing plate 102A are
respectively laminated in an incident side and an emitting
side. Similarly, on dual surfaces of the second panel 10B, a
polarizing plate 101B and a polarizing plate 102B are
respectively laminated in an incident side and an emitting
side. The first panel 10A constitutes a main liquid crystal
display unit and 1s bigger than the second panel 10B. On the
other hand, the second panel 10B constitutes a sub liquid
crystal display unit and 1s smaller than the first panel 10A.

As shown 1n FIG. 2, 1n the electro-optical device 1, the
first panel 10A has a plurality of scanning lines 31 formed
in rows and a plurality of data lines 21 formed 1n columns.
Pixels 11 are respectively formed at intersections of the
scanning lines 31 and the data lines 21. In each pixel 11, a
liquid crystal layer 12A made of nematic liquid crystal and
a thin film diode (TFD) element 13 which 1s a two-terminal
active element are connected 1n series. In the present
embodiment, the liquid crystal layer 12 A 1s connected to the
scanning line 31 and the TFD element 13 1s connected to the
data line 21. Moreover, the liquid crystal layer 12A may be
connected to the data line 21 and the TFD element 13 may
be connected to the scanning line 31. Each scanning line 31
1s driven by a scanning line driving circuit 260 which 1s built
in a driving IC 103A, and each data line 21 1s driven by a
data line driving circuit 250. Basically, the second panel 10B
has the same configuration as the first panel 10A has.
Theretfore, the description of the second panel 10B will be
omitted.

As shown 1n FIGS. 1, 3, and 4, 1in the first panel 10A, a

clement substrate 20A on which pixel electrodes, TFD
clements 13, and so on are arranged and a counter substrate
30A on which a counter electrode, color filters, and so on are
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arranged are bonded with a predetermined gap via a sealant
14 A, and the liqud layer 12A 1s held between the element
substrate 20A and the counter substrate 30A. The element
substrate 20A 1s larger than the counter substrate 30A and
the driving IC 103 A 1s mounted on an extended region 15A
ol the element substrate 20A from the counter substrate 30A
by a COG (Chip On Glass) technique. In addition, an end
portion of a flexible substrate 40 which supplies signals or
power to the driving IC 103 A on the first panel 10A 1s also
mounted on the region 15A. Similarly, in the second panel
10B, an element substrate 208 on which pixel electrodes,
TFD elements 13 (refer to FIG. 2), and so on are arranged
and a counter substrate 30B on which a counter electrode,
color filters, and so on are arranged are bonded with a
predetermined gap via a sealant 14B, and the liquid layer
12B 1s held between the element substrate 208 and the
counter substrate 30B. The element substrate 20B 1s larger
than the counter substrate 30B and the driving IC 103B 1s
mounted on an extended region 15B of the element substrate
20B from the counter substrate 30A by the COG (Chip On
(Glass) technique. In addition, an end portion of a flexible
substrate (not shown) which supplies signals or power to the
driving IC 103B on the first panel 10B 1s also mounted on
the region 15B. In the present embodiment, the COG
technique 1s used. However, the driving IC may be mounted
on the liquid crystal panel by a COF (Chip On Film)
technique.

Configuration of Backlight Device

In the backlight device 6, the light guide plate 61 1s made
of a light-transmissive mold, and a first-panel-side prism
sheet 63 having, for example, a thickness of 100 um 1s
arranged opposite to the first surface 611. A first-panel-side
light shielding sheet 65, 1n which an aperture 650 1s formed
in a region corresponding to an image display region 100A
of the first panel 10A, 1s laminated between the first-panel-
side prism sheet 63 and the first panel 10A. Similarly, a
second-panel-side prism sheet 64 1s arranged opposite to the
second surface 612 of the light guide plate 61, and a
second-panel-side light shielding sheet 66, in which an
aperture 660 1s formed 1n a region corresponding to an 1mage
display region 100B of the second panel 10B, 1s laminated
between the second-panel-side prism sheet 64 and the sec-

ond panel 10B.

The first-panel-side prism sheet 63 transmits some of light
components emitted from the first surface 611 of the light
gu1de plate 61 toward the first panel 10A and reflects the
remaining light components toward the light guide plate 61.
Similarly, the second-panel-side prism sheet 64 transmits
some of light components emitted from the second surface
612 of the light guide plate 61 toward the second panel 10B
and reflects the remaiming light components toward the light
guide plate 61. The light shielding sheets 65 and 66 prevent
light from leaking. As the light shielding sheets, a sheet
having a double layer structure of a black layer and a white
layer, a sheet having a double layer structure of a silver layer
and a black layer, a white sheet, or a transparent sheet may
be used. The light shielding sheets have, for example, a
thickness of 50 um. The image display regions 100A and
100B are regions which display images for a user and are
defined as a window or the like within a frame of an
clectronic apparatus. However, the regions 100A and 1008
are regions which approximately overlap regions defined as
apertures 650 and 660.

According to the embodiment, the LED 62 1s mounted on
the solder 69 having a thickness of 50 um on the flexible
substrate 40 (a light-emitting element mounting substrate)
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which supplies signals or power to the first panel 10A. The
flexible substrate 40 1s bent from the first panel 10A to the
second surface 612 of the light guide plate 61. A part 41 of
the flexible substrate 40 which 1s adjacent to the region
where the LED 62 1s mounted at the second surface 612 side
1s pressed and fixed to an end portion of the second surface
612 by a substrate fixing member 50, such that the flexible
substrate 40 1s positioned. The substrate fixing member 50 1s
a leat spring having a U type section and 1s fixed on the first
panel 10A and the light guide plate 61 by opposing parts 51
and 52 of the substrate fixing member 30 such that the
opposing parts 51 and 32 elastically cramp the first panel
10A and the light guide plate 61 1n a thicknesswise direction.
In this state, the part 41 of the flexible substrate 40, which
1s adjacent to the region where the LED 62 1s mounted, 1s
pressed and fixed to the second surface 612 by the opposing
part 52 of the substrate fixing member 50. As a result, the

LED 62 1s positioned such that a light emitting axis L of the

LED 62 faces the side end surface 610 of the light guide
plate 61.

When the flexible substrate 40 1s positioned in such a
manner, in the embodiment, as shown in FIG. 4 in an
expanded view, the second-panel-side prism sheet 64 (a
predetermined optical sheet) of a plurality of optical sheets
(the second-panel-side prism sheet 64 and the second-panel-
side light shielding sheet 66) laminated between the light
guide plate 61 and the second panel 10B 1s laminated on the
second surface 612 of the light guide plate 61, such that an
end edge 640 of the second-panel-side prism sheet 64 1s cut
from the side end surface 610 of the light guide plate 61 to
form a space 615 having a predetermined width. On the
other hand, an end edge 661 of the second-panel-side light
shielding sheet 66 reaches the side end surface 610 of the
light guide plate 61, such that leakage of light 1s overall
prevented.

As such, on the space 6135, the second-panel-side light
shielding sheet 66 1s laminated, while the second-panel-side
prism sheet 64 1s not laminated. Therefore, on a region
adjacent to the space 615 1n the second surface 612 of the
light guide plate 61, a double layer structure of the second-
panel-side prism sheet 64 and the second-panel-side light
shielding sheet 66 1s provided. Further, on the space 615, a
single layer structure of only the second-panel-side light
shielding sheet 66 1s provided. The part 41 of the flexible
substrate 40 adjacent to the region on which the LED 62 1s
mounted 1s pressed and fixed to the space 615 having the
single layer structure by the opposing part 52 of the substrate
fixing member 50. Therefore, according to the embodiment,

the position of the LED 62 can be moved to the first surface
611 side 1n the thicknesswise direction t of the light guide
plate 61, as compared to the case in which the part 41 of the
flexible substrate 40 adjacent to the region where the LED
62 mounted 1s pressed and fixed to the region where the
double layer structure of the second-panel-side prism sheet
64 and the second-panel-side light shielding sheet 66 1s
provided. As a result, 1n the embodiment, the light emitting
axis L of the LED 62 approximately aligns with the center
in the thicknesswise direction t of the light guide plate 61.

Here, the space 615 has a width W1 of 1.5 mm or more
from the side end surface 610 of the light guide plate 61.
Accordingly, since the space 615 has a suflicient width, the
flexible substrate 40 can be reliably positioned. As a result,
location accuracy of the light emitting axis L of the LED 62
can be improved.
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OPERATTON AND ADVANTAGES OF TH
INVENTION

(L]

In the electro-optical device 1 according to the embodi-
ment, light emitted from the LED 61 1s incident on the light
guide plate 61 from the side end surface 610 and 1s guided
through the light guide plate 61 to an opposing side end
surface. At that time, on the second surface 620 of the light
guide plate 61, the second-panel-side prism sheet 64 1is
arranged. Accordingly, some of the light components are
emitted from the first surface 610 toward the first panel 10A
by the second-panel-side prism sheet 64 and are optically
modulated while some of the light components pass through
the first panel 10A, to thereby display an image. In addition,
on the first surface 610 of the light guide plate 61, the
first-panel-side prism sheet 63 1s arranged. Accordingly,
some of the light components are emitted from the second
surface 612 toward the second panel 10B by the first-panel-
side prism sheet 63 and are optically modulated while some
the light components pass through the second panel 10B, to
thereby display the image. Therefore, according to the
clectro-optical device 1 of the embodiment, the image can be
displayed on the two panels 10A and 10B by one backlight
device 6. As a result, when an electronic apparatus having
liquad crystal display units at dual surfaces 1s configured by
using the electro-optical device 1 of the embodiment, a small
number of parts are required. Therefore, the size, the weight
and the manufacturing cost of the electronic apparatus can
be reduced.
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15

20

25

: : : : 30
In the embodiment, since the second-panel-side prism

sheet 64 15 laminated on the second surface 612 such that the
end edge 640 of the second-panel-side prism sheet 64 1s cut
from the side end surface 610 of the light guide plate 61, the
space 615 1n which the total thickness of the optical sheet 1s
thin 1s obtained 1n the end portion of the light guide plate 61.
The part 41 of the flexible substrate 40 adjacent to the region
where the LED 62 1s mounted 1s pressed and fixed to the
space 615. Therelfore, the position of the LED 62 can be
moved to the side of the first surface 611 in the thickness-
wise direction t of the light guide plate 61. As a result, the
light emitting axis L. of the LED 62 approximately aligns
with the center in the thicknesswise direction t of the light
guide plate 61. Therefore, the light quantity distribution of
light emitted from the light guide plate 61 or the like can be
realized as designed.

35
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45

Since the embodiment has a configuration in which light
1s emitted from dual surfaces of the light guide plate 61 to
thereby display the image, the light quality balance can be
properly set by approximately aligning the light emitting 5,
axis L of the LED 62 with the center 1n the thicknesswise
direction t of the light guide plate 61. Additionally, a
high-luminance 1mage can be displayed on dual surfaces of
the first panel 10A and the second panel 10B.

The second-panel-side prism sheet 64 1s laminated on the 55
second surface 612 of the light guide plate 61 such that an
end edge 640 of the second-panel-side prism sheet 64 1s cut
from the side end surface 610 of the light guide plate 61 to
form the space 615 having a predetermined width. More-
over, the second-panel-side prism sheet 64 1s laminated such 60
that the end edge 640 1s protruded toward the side end
surface 610 of the light guide plate 61 from an outer
circumierential edge of the image display region 100 A of the
first panel 10A. As viewed from the first panel 10A, lumi-
nance unevenness caused by the second-panel-side prism 65
sheet 64 does not generate 1n the 1mage displayed on the
image display region 100A.

8

In the embodiment, since the LED 62 1s mounted on the
flexible substrate 40 which supplies signals or power to the
first panel 10A, a substrate on which the LED 62 1s mounted
needs to be separately provided. Therefore, the number of
parts can be reduced and the manufacturing cost of the
clectro-optical device 1 can be reduced.

Since the flexible substrate 40 1s elastically pressed and
fixed to the space 615 of the light guide plate 61 of the
substrate fixing member 50, 1t 1s possible to easily and
reliably fix the flexible substrate 40 to the light guide plate

61. As a result, the LED 62 can be positioned easily and
reliably.

Second Embodiment

FIG. 5 1s an expanded cross-sectional view showing a
light-source-side end portion of an electro-optical device
according to a second embodiment of the invention. Since
the electro-optical device has basically the same configura-
tion as the electro-optical device according to the first
embodiment has, like reference numerals are used to denote
the same elements as in the first embodiment, and the
descriptions of the same elements will be omitted.

In the first embodiment, as optical sheets between the
light guide plate 61 and the second panel 10B, the second-
panel-side prism sheet 64 and the second-panel-side light
shielding sheet 66 are laminated, and the second-panel-side
prism sheet 64 1s laminated such that the end edge 640 of the
second-panel-side prism sheet 64 1s cut from the side end
surface 610 of the light guide plate 61 to form the space 615
having a predetermined width. However, in the second
embodiment, as shown 1n FIG. §, as optical sheets between
the light guide plate 61 and the first panel 10A, the first-
panel-side prism sheet 63, a first-panel-side light scattering,
sheet 67, and the first-panel-side light shielding sheet 66 are
laminated. Further, as optical sheets between the light guide
plate 61 and the second panel 10B, the second-panel-side
prism sheet 64, a second-panel-side light scattering sheet 68,
and the second-panel-side light shielding sheet 66 are lami-
nated. Since the light scattering sheets 67 and 68 lend a
scattering characteristic to light, a high quality image can be
displayed with no glare.

In addition, on the second surface 612 of the light guide
plate 61, the second-panel-side prism sheet 64 and the
second-panel-side light scattering sheet 68 of a plurality of
optical sheets laminated between the light guide plate 61 and
the second panel 10B are laminated such that both end edges
640 and 680 are cut from the side end surface 610 of the light
guide plate 61 to form the space 615 having a predetermined
width between both end edges 640 and 680 and the side end
surface 610 of the light guide plate 61. Therefore, on a
region adjacent to the space 615 1n the second surface 612
of the light guide plate 61, a triple layer structure of the
second-panel-side prism sheet 64, the second-panel-side
light scattering sheet 68, and the second-panel-side light
shielding sheet 66 1s provided. Further, on the space 615, a
single layer structure of only the second-panel-side light
shielding sheet 66 1s provided. In the embodiment, the part
41 the flexible substrate 40 adjacent to the region where the
LED 62 1s mounted 1s pressed and fixed to the space 615
having the single layer structure by the opposing part 52 of
the substrate fixing member 50. Therefore, according to the
embodiment, the position of the LED 62 can be moved to the
side of the first surface 611 1n the thicknesswise direction t
of the light guide plate 61. As a result, 1t 1s possible to
approximately align the light emitting axis LL of the LED 62
with the center 1n the thicknesswise direction t of the light
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guide plate 61. Therefore, the embodiment has the same
advantages as the first embodiment has.

Third Embodiment

FIG. 6 1s an exploded cross-sectional view showing a
light-source-side end portion of an electro-optical device
according to a third second embodiment of the mmvention.
Since the electro-optical device according to the embodi-
ment has basically the same configuration as the electro-
optical device according to the first embodiment has, like
reference numerals are used to denote the same elements as
in the first embodiment, and the descriptions of the same
clements will be omatted.

In the first embodiment, the LED 62 1s mounted on the
flexible substrate 40 which supplies signals or power to the
first panel 10A. However, 1n the embodiment, as shown 1n
FIG. 6, LED 62 1s mounted on a rigid substrate 408 other

than a flexible substrate 40A which supplies signals or
power to the first panel 10A by the solder 69.

In addition, as in the first embodiment, 1n the embodi-
ment, the second-panel-side prism sheet 64 (a predetermined
optical sheet) 1s laminated such that the end edge 640 of the
second-panel-side prism sheet 64 1s cut from the side end
surface 610 of the light guide plate 61 to form the space 615
having a predetermined width between the end edge 640 and
the side end surface 610 of the light guide plate 61. In
addition, the substrate fixing member 50 presses and fixes
the part 41 of the rigid substrate 40B adjacent to the region
where the LED 62 1s mounted to the space 615 of the second
surface 612. Therefore, according to the embodiment, the
position of the LED 62 can be moved to the side of the first
surface 611 in the thicknesswise direction t of the light guide
plate 61. As a result, 1t 1s possible to approximately align the
light emitting axis L. of the LED 62 with the center in the
thicknesswise direction t of the light guide plate 61.

Others

In the above-mentioned embodiments, electro-optical
devices having liquid crystal panels using TFD elements as
active elements have been described. However, the inven-
tion can be applied to electro-optical devices having liquid
crystal panels using TFTs as active elements.

Entire Configuration of Electronic Apparatus and Electro-
Optical Device

FIG. 7TA 1s a diagram 1illustrating a state in which a
foldable mobile phone 300 as an example of an electro-
optical device to which the invention 1s applied 1s folded and
FIG. 7B 1s a diagram 1illustrating a state 1n which the foldable
mobile phone 300 as the example of the electro-optical
device to which the invention 1s applied 1s opened.

An electro-optical device to which the invention 1s
applied 1s used for, for example, the foldable mobile phone
300 shown m FIGS. 7A and 7B. In the mobile phone 300,
a cover body 330 1s coupled with an operation body 350 by
a hinge part 340 such that 1t can be freely rotate with regard
to the operation body. The mobile phone 300 has a main
display unit 311 which displays an 1image on the inside of the
cover body 330 when the cover body 330 1s opened and a
sub display unmit 321 which displays an image when the
cover body 330 and the operation body 350 are folded.
Therefore, when, 1 the electro-optical device 1 of the
invention, the main display unit 311 1s configured at the first
panel 10A and the sub display unit 321 1s configured at the
second panel 10B, the thickness, the weight and the manu-
facturing cost of the mobile phone can be reduced.
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What 1s claimed 1s:

1. An electro-optical device comprising;:

a backlight device including;:

a light emitting element having a light emitting surface
with a light emitting axis;
a light guide plate having:
a side end surface on which light emitted from the
light emitting element 1s 1ncident;
a first surface from which light 1s ematted;
a second surface from which light 1s emitted;

a first panel arranged opposite to the first surface of the
light guide plate, the first panel modulating light when
light from the first surface passes therethrough, the first
panel including an outer circumierential edge of an
image display region;

a second panel arranged opposite to the second surface of
the light guide plate, the second panel modulating light
when light from the second surface passes there-
through;

one or more optical sheets arranged between the light
guide plate and the second panel;

a light emitting element mounting substrate including:

a light emitting element mounting region on which the
light emitting element 1s mounted; and
a part adjacent to the light emitting element mounting,
region,

wherein one of the optical sheets 1s stacked on the second
surface of the light guide plate such that an end edge of
the optical sheet 1s positioned between the side end
surface of the light guide plate and the outer circum-
ferential edge to form a space having a predetermined
width between the end edge of the optical sheet and the
side end surface of the light guide plate, and

the part of the light emitting element mounting substrate
1s located at the space and the light emitting surface of
the light emitting element faces the side end surface of
the light guide plate.

2. The electro-optical device according to claim 1,

wherein the light emitting axis of the light emitting
clement 1s approximately aligned with a center 1n a
thicknesswise direction of the light guide plate.

3. The electro-optical device according to claim 1,

wherein the light emitting device 1s a light emitting diode
(LED).

4. The electro-optical device according to claim 1,

wherein the light emitting element mounting substrate 1s
a flexible substrate having an end portion of which 1s
mounted on the first panel and which 1s bent from the
first panel to the second surface of the light guide plate.

5. The electro-optical device according to claim 1, further

comprising;

a substrate fixing member that 1s disposed to the outer
surfaces of the first panel and the light guide plate to
clastically clump the first panel and the light guide plate
in a stacking direction, the substrate fixing member
clastically pressing and fixing the light emitting ele-
ment mounting substrate at the space from the second
surface side of the light guide plate.

6. The electro-optical device according to claim 1,

wherein the optical sheet includes a second-panel-side
prism sheet between the light guide plate and the
second panel which transmits a portion of light com-
ponents emitted from the second surface of the light
guide plate toward the second panel and which reflects
the remaining light components toward the light guide
plate.
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7. The electro-optical device according to claim 1,

wherein the optical sheet includes a light scattering sheet
between the light guide plate and the second panel
which provides a scattering characteristic to light emait-
ted to the second panel.

8. The electro-optical device according to claim 1,

wherein a second-panel-side light shielding sheet which
opens according to an outer edge of an 1mage display
region of the second panel 1s laminated as an optical

12

sheet between the optical sheet and the second panel,
and
an end edge of the second-panel-side light shuelding sheet
reaches the side end surface of the light guide plate.
9. The electro-optical device according to claim 1,
wherein the space has a width of 1.5 mm or more from the
side end surface of the light guide plate.
10. An electronic apparatus including an electro-optical

device according to any one of claims 1 to 9.
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